Physical activity is reported to be inversely associated with abdominal fat in young and middle-aged populations, which may in part explain its beneficial effect on health. However, it is unclear whether this inverse association exists in older people. The authors investigated the relation of total and sports activity with fat distribution in a population-based sample of 1,163 men and 1,154 women aged 55-85 years, representative of the Dutch elderly population in 1992-1993. Waist and hip circumference and their ratio (WHR) were used as indicators of fat distribution. Physical activity of the previous 2 weeks was obtained by questionnaire. Among men, total physical activity time was negatively associated with waist (98.3 ± 0.4 cm in the most active quartile vs. 100.5 ± 0.4 cm in the least active quartile, p = 0.0001 (mean ± standard error)) and WHR (0.98 ± 0.00 vs. 0.99 ± 0.00, p = 0.005) after adjustment for age, education level, body mass index, smoking, and season of the year. This association was not observed among women. Men and women who participated in sports activity had a smaller waist and WHR than those who did not. After adjustment, the time spent on sports activity was negatively associated with waist (p = 0.004 for men and p = 0.07 for women) and WHR (p = 0.03 for men and p = 0.09 for women) in both sexes. No relation between total physical activity time and body fat distribution was observed among respondents who were not participating in any sports activity (p 2: 0.17), suggesting that performance of activities of low/moderate intensity has no effect on body fat distribution. No associations with hip circumference were observed. The results did not change after additional adjustment for chronic illness. The results of this large-scale study show that physical activity, and specifically intensive activity, is negatively associated with abdominal fat in older people. Am J Epidemiol 1997;145:752-61. aged; exercise; obesity; sports; waist-hip ratio Physical activity in old age is associated with lower total and cardiovascular mortalities (1-4). In addition, a lower risk for diabetes mellitus type II has been observed for active older subjects (5,6). Since abdominal fat is associated with an increased risk for diabetes mellitus (7, 8) and cardiovascular disease (9-11) at older age, part of the inverse association between physical activity and mortality as observed in older subjects may be explained by an inverse relation between physical activity and abdominal fat. This is consistent with the observation in young and middleaged subjects that physical activity is negatively associated with abdominal fat in both cross-sectional (12-16) and training (17) studies.
Physical activity in old age is associated with lower total and cardiovascular mortalities (1) (2) (3) (4) . In addition, a lower risk for diabetes mellitus type II has been observed for active older subjects (5, 6) . Since abdominal fat is associated with an increased risk for diabetes mellitus (7, 8) and cardiovascular disease (9) (10) (11) at older age, part of the inverse association between physical activity and mortality as observed in older subjects may be explained by an inverse relation between physical activity and abdominal fat. This is consistent with the observation in young and middleaged subjects that physical activity is negatively associated with abdominal fat in both cross-sectional (12) (13) (14) (15) (16) and training (17) studies.
There are little empirical data on the relation of physical activity to body fat distribution in older people. After intensive exercise training, a decrease in waist circumference, waist/hip ratio (WHR), and intraabdominal fat has been observed in several studies (18) (19) (20) , but cross-sectional studies using daily activities show inconsistent results (21) (22) (23) . In addition, the relation between physical activity and fat distribution has been reported to be stronger in older men compared with older women (12, 20) . Abdominal fat accumulates with increasing age (24, 25) . Therefore, attention to possible behavioral factors that may be associated with body fat distribution in an older population is of major importance to achieve a reduction of morbidity and mortality associated with abdominal fat in older people.
The purpose of this study was to investigate the cross-sectional relation between physical activity and body fat distribution in both men and women aged 55-85 years. Since it has been suggested that the performance of vigorous activities may be specifically related to body fat distribution (26, 27) , both total physical activity and sports activity were studied, as well as the intensity of the activities.
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MATERIALS AND METHODS
Population
The Longitudinal Aging Study Amsterdam cohort was originally recruited for the study, "Living Arrangements and Social Networks of Older Adults" (28) . Registries of 11 municipalities in the western, northeastern, and southern regions of the Netherlands provided the sampling frame. Each area included one city and two or more rural municipalities. A total stratified random sample of 3,805 persons (response rate, 62.3 percent), weighted according to expected mortality at midterm (after 5 years) in each group (birth year 1908-1912, 1913-1917, 1918-1922, 1923-1927, 1928-1932, and 1933-1937) was obtained. The sample reflects the national distribution of urbanization and population density (28) .
From September 1992 through September 1993, study participants were approached for the first Longitudinal Aging Study Amsterdam cycle, including a baseline interview (n = 3,107; response rate, 81.7 percent), followed 2-6 weeks later by a medical interview in their home or institutional residence (n = 2,671; response rate, 70.2 percent). Of the 698 nonrespondents to the baseline interview, 126 (18 percent) died before the interview, 44 (6 percent) could not be contacted, 134 (19 percent) were not able to be interviewed due to severe physical and/or cognitive illnesses, and 394 persons (57 percent) refused to participate in the study. Of the nonresponders to the medical interview, 2 percent died, 24 percent could not be contacted, 5 percent were not able to be interviewed, and 69 percent refused (29) . Nonambulatory older subjects (those who were bedridden or confined to a wheelchair) were excluded from this study, resulting in 2,872 respondents with a complete baseline interview and 2,524 respondents with a complete medical interview. Subjects with missing data on waist or hip circumference, body weight, body height, or physical activity (n = 207) were excluded, leaving 2,317 respondents (1,154 women and 1,163 men) for the analyses.
Methods
During the baseline interview, trained interviewers from the same area as the respondent administered a questionnaire that ascertained socioeconomic status, health status, and physical activity. During the medical interview, smoking habits were assessed, and anthropometric measurements, as described below, were obtained by trained interviewers.
Definition and measurement of variables
Body fat distribution. Body circumferences were measured to the nearest 0.001 m with the subject in a standing position wearing only undergarments. The waist circumference was measured midway between the lower rib margin and the iliac crest after a normal expiration. The hip circumference was measured at the level of the widest circumference over the greater trochanter. Waist circumference, hip circumference, and the waist-to-hip circumference ratio (WHR, waist circumference divided by hip circumference) were used as indicators of body fat distribution.
Physical activity level. To assess the physical activity level, respondents were asked how often and for how long in the previous 2 weeks they had engaged in walking, bicycling, light and heavy household activities, sports activities, and gardening. The physical activity questionnaire was based on the questionnaire by Voorrips et al. (30) and that used in the Zutphen Study of elderly men (31) . The time spent on total physical activity (walking, bicycling, gardening, sports, and household activities) and on sports activities alone (in minutes/day) was calculated by multiplying the frequency and duration of each activity in the previous 2 weeks, summing the values across activities, and dividing by 14. In the Netherlands, walking and bicycling are regular activities used predominantly for transportation purposes and were therefore not considered as sports activities. The mean intensity of total activity and sports activity was calculated using the following intensity scores: light housekeeping = 0.703, walking and gardening = 0.890, heavy housekeeping = 1.368, and bicycling = 1.890. The intensity scores for the sports activities ranged from 0.297 (e.g., fishing), 0.703 (e.g., sailing, bowling), and 1.368 (e.g., walking, horseback riding, gymnastics for the elderly, golf) to 1.890 (e.g., running, cycling, tennis, soccer, swimming). The intensity scores are based on the net energy costs of the activities in MJ/hour (30, 32) . Questions were asked about whether the activity pattern of the previous 2 weeks was representative of the rest of the year.
Socioeconomic status. Socioeconomic status was measured using education level, which was classified into three categories: high (higher vocational, college, or university education), middle (lower and intermediate vocational education and general secondary education), and low (completed elementary education or less).
Body mass index. The body mass index (BMI, weight standardized for height) was used as an index of body fatness. Height was measured to the nearest 0.001 m using a stadiometer. The height of respondents whose height could not be measured accurately (due to shoes or hairdo) was assigned as missing (n = 17). Respondents with reported signs of kyphosis, scoliosis, or inability to place the head in the Frankfurt Horizontal Plane (n -149) were included in the analysis. Body weight was measured to the nearest 0.1 kg using a calibrated bathroom scale. When respondents wore a corset (n -67) or clothes (n = 19) during the measurement, 1 or 2 kg, respectively, were subtracted from their measured body weight.
Smoking status. Questions about current and former smoking habits were used to classify subjects into the following groups: never smoker, former smoker, pipe or cigar smoker, light cigarette smoker (<15 cigarettes per day), and heavy cigarette smoker (S:15 cigarettes per day). The two women who smoked pipes or cigars were included in the group of light cigarette smokers.
Season. The season of the year in which the interview took place was based on the month of interview.
Health status. Respondents were asked whether they had respiratory disease (asthma, chronic bronchitis, or lung emphysema), cardiovascular disease (heart disease, heart attack, or arteriosclerosis), diabetes mellitus, stroke, cancer, or arthritis (rheumatoid arthritis or osteoarthritis). These diseases are likely to be associated with both body fat distribution and physical activity. Health status was classified into four categories: none, one, two, and more than two reported chronic illnesses. Information on diseases of the nervous system, stomach, liver, bladder, kidney or skin, gallstones or kidney stones, and chronic back problems were not used in this study.
Statistical analysis
The data were analyzed using the statistical program SAS version 6.03 (Statistical Analyses System; SAS Institute Inc., Cary, North Carolina). The analyses were carried out for men and women separately. Differences between men and women were tested using Student's t tests. The associations of WHR and total physical activity time (both as continuous variables) with possible confounders (age group, education level, reported number of chronic illnesses, smoking status, season, and quartile of BMI) were tested using analysis of variance. Total physical activity time was categorized into quartiles. The cutoff points for men were less than 73, 73-132, 133-214, and 215 or more minutes/day, and those for women were less than 130, , and 273 or more minutes/day. Differences in the indicators of body fat distribution between quartiles of total physical activity time of men and women were evaluated by analysis of variance. Adjustments were made for age, education level, BMI, smoking status, season, reported number of chronic illnesses, and representativeness of activity pattern. These analyses were repeated stratified by chronic illness, by age (<70 or ^70 years), and by smoking status. Differences in the indicators of body fat distribution between respondents who participated in sports activities and those who did not, between tertiles of sports activity time in respondents who participated in sports activities, and between tertiles of total physical activity time in respondents who did not participate in sports were tested in the same way. The cutoff points for the tertiles of sports activity time were less than 13, 13-32, and 33 or more minutes/day for men and less than 9, 9-19, and 20 or more minutes/day for women. The cutoff points for the tertiles of total activity time in respondents who did not participate in sports were less than 75, 75-162, and 163 or more minutes/day for men and less than 127, 127-218, and 219 or more minutes/day for women. Results are expressed as means with their standard deviation or standard error.
All p values provided are for two-sided tests, p values of less than 0.05 were considered significant.
RESULTS
Baseline characteristics
The baseline characteristics of the older men and women are shown in table 1. All respondents were engaged in at least one of the physical activities, such as walking, bicycling, gardening, and household activities in the 2 weeks before the baseline interview. The mean total time spent on physical activity was higher in women (216 minutes/day (136 standard deviation (SD))) than in men (167 minutes/day (151 SD)), p < 0.0001, which could be mainly explained by the time spent on light household activities (figure 1). Men spent more time on walking, gardening, bicycling, and sports than did women. As a result, their mean intensity of total physical activity was higher (1.03 (0.23 SD) compared with women (0.90 (0.16 SD,p < 0.0001)). Among men, 596 respondents (51.2 percent) and, among women, 663 respondents (57.5 percent) participated in sports activities in the previous 2 weeks. Although men spent relatively more time on sports activities than did women, no sex difference was observed for the mean intensity level of the sports activity. For 73.0 percent of the women and 79.9 percent of the men, the physical activity pattern of the previous 2 weeks was representative of the previous year. The main reasons for a difference from the usual pattern were illness and holidays.
Age was negatively associated with total activity time in women, but not in men (p = 0.09, table 2). In both men and women, total activity time was inversely associated with the reported number of chronic illnesses. Season was associated with total activity time in men (/> = 0.02). Total activity time was lower in winter compared with the other seasons. BMI was negatively associated with total activity time in men. WHR was positively associated with age, the number of reported chronic illnesses, and BMI in both men and women and with smoking in men only (table 2) . WHR was negatively associated with education level in men and women.
Respondents who participated in sports activities were significantly younger than men and women who did not. Among women, participants in sports had a significantly lower BMI. Among men, participants in sports were less likely to smoke (p = 0.0001). The time spent on activities other than sports was similar among the respondents who participated in sports activities and those who did not in men (153 minutes/day (146 SD) vs. 144 minutes/day (141 SD), p = 0.28) and women (208 minutes/day (120 SD) vs. 194 minutes/ day (146 SD), p = 0.07).
Total activity time in total sample
Active men had a lower WHR compared with more sedentary men (table 3) . This association remained after adjustment for age, education level, BMI, smoking, and season. Active men also had a smaller waist circumference compared with inactive men, while no association was observed with hip circumference. Among women, however, no association between total activity time and WHR, waist circumference, or hip circumference was observed.
Participants in sports activities
Men and women who had participated in sports activities during the previous 2 weeks had a different fat distribution compared with those who did not Men who participated in sports had a lower WHR (0.98 (0.06 SD)) and a smaller waist circumference (98.8 cm (9.6 SD)) compared with those who did not (0.99 (0.07 SD), p = 0.004) and (99.9 (10.4 SD) cm, p = 0.07) for WHR and waist, respectively. No differences were observed for the hip circumference. After adjustment for differences in age, education, BMI, smoking, and season, the waist circumference remained significantly different. Among women, participants in sports activities had a lower WHR (0.91 (0.07 SD) vs. 0.92 (0.07 SD), p = 0.0001), a smaller waist circumference (94.2 (11.1 SD) cm vs. 97.7 (12.5 SD) cm,p = 0.0001), and a smaller hip circumference (104.0 (8.2) cm vs. 105.6 (9.7) cm, p -0.003) compared with women who did not participate. The differences in WHR and waist circumference among women remained significant after adjustment for confounders. Including the time spent on other activities (walking, bicycling, gardening, and household activities) as covariate did not change these results. 
Sports activity time in respondents who participated in sports activities
The results for the time spent on sports activities in men were similar to those for total physical activity time (table 4). The tertile of most active men had a lower WHR compared with the other tertiles. The negative association with waist circumference was significant while the association with hip circumference was not. In women, no association between the time spent on sports activities and hip circumference was observed after adjustment. However, in contrast to total physical activity time, WHR and waist circumference were smallest in active women.
Total activity time in respondents who did not participate in sports activities
Among men, 48.8 percent and, among women, 42.5 percent of the respondents did not participate in any sports activities during the previous 2 weeks. Within this group of respondents, the relation between fat distribution and the time spent in walking, bicycling, gardening, and household activity was investigated (table 5) . In both men and women, there was no relation between WHR, waist circumference, or hip circumference and the time spent on these activities (allp > 0.17). Addition of the reported number of chronic illnesses and representativeness of activity pattern as covariates did not change any of these findings. The findings were also similar after stratification by health status (healthy respondents or respondents with one or more reported chronic illness) and by age group (respondents less than age 70 years or age 70 years or more). The only exception was among women age 70 years or more. The tendency toward a lower WHR and a smaller waist circumference with increasing sports activity time was not observed in this group.
Repeated analysis stratified by smoking status gave similar results for total activity time. In men, a difference was observed for the association between sports activity time and WHR that was not statistically significant among never/former smokers. The association with waist circumferences, however, remained statistically significant in never/former smokers.
DISCUSSION
The results of this study show that physical activity, and specifically sports activity, is negatively associated with abdominal fat in older men and women.
Older men with a relatively low physical activity level, addressed as the total time spent on physical activities, had a higher WHR and a larger waist circumference compared with physically active men. These results suggest a negative association between physical activity and abdominal fat, which confirms data in the literature from young (12-16, 26, 27) and older (21) men. These findings are also consistent with the results of training studies in elderly men that showed a decrease in waist circumference (17) (18) (19) (20) , WHR (17, 19) , sagittal diameter (17) , and intraabdominal fat (19) .
Unlike in men, no clear association between total physical activity time and fat distribution was observed among women. Similar findings using crosssectional data were reported by Haffher et al. (12) . This is also consistent with findings from training studies that physical activity has a greater effect on Am J Epidemiol Vol. 145, No. 8, 1997 abdominal fat in men compared with women (20, 33) . The reason for the sex difference can only be speculated. Because men have a greater proportion of abdominal fat (34), they may be more susceptible to (behavioral) influences on abdominal fat. For example, an initially large abdominal fat depot has been associated with a larger loss of abdominal fat during weight loss (35) and after intensive endurance training (19) in men. In addition, sex differences in lipolytic activity of adipose tissues have been reported. Lipolysis in the abdominal region has been found to be higher than that from the femoral and gluteal regions of adipose tissue in men (36), but not in women (36, 37) . In both men and women, abdominal fat cells are more responsive and sensitive to norepinephrine than are femoral fat cells (36) . A higher lipolysis in abdominal fat cells in men, along with a greater responsiveness of abdominal fat cells to physical exerciseinduced catecholamine production, might explain the observed sex difference in the relation between physical activity and fat distribution.
In contrast to the sex-specific findings on total physical activity, a negative association between sports activity time and waist circumference was observed in men, and a strong tendency was observed in women who participated in sports activities. In addition, when men and women who participated in sports activities were compared with respondents who did not, the former had a smaller waist and WHR. Similar amounts of time were spent on walking, bicycling, gardening, and household activities, suggesting that when physical activity level is concerned the main difference between the two groups was the participation in sports activities. The performance of vigorous activities might thus be beneficial for both older men and older women in reducing abdominal fat No relation between total physical activity time and body fat distribution was observed among respondents who did not participate in sports activities, suggesting that the performance of activities of low and moderate intensity has no effect on body fat distribution. These findings are consistent with the results from studies among (26, 27) .
Apart from the higher sensitivity of male abdominal fat cells to exercise, the sex-specific finding on total physical activity time might also be explained by the sex difference in the type of activities performed. The mean intensity of total physical activity was higher in men. Men spent significantly more time on strenuous activities such as bicycling and sports and spent 22 percent of their total activity time on sports activities versus only 10 percent in women. Women spent a large part of their physical activity time on light household activities, with a relatively low intensity level. The more strenuous overall activity in men might explain why an inverse association between total physical activity and body fat distribution was observed in men, but not in women. This may also explain some of the sex differences observed in other cross-sectional studies (12) . These results show the importance of taking the type of activity into account when studying the relation between physical activity and health. Note, however, that the degree to which other lifestyle factors, such as alcohol intake and parity, may influence body fat distribution could not be determined in this study.
The report of sports activity may be more accurate compared with total activity. The reproducibility has been shown to be higher for vigorous activities compared with inactivity and nonvigorous activities (38) . This may be an additional explanation of the stronger association between fat distribution and sports activity time in women. However, a lower reproducibility of nonvigorous activities may be caused by reporting error as well as by a higher variability of these activities. In addition, in men both sports activity and total activity were associated with fat distribution. A possible gender difference in reporting nonvigorous activities has never been reported.
Respondents with reported chronic illness had a higher WHR and a lower physical activity level. Abdominal fat in older people has been strongly associated with chronic diseases such as cardiovascular disease (9) (10) (11) 39) and diabetes mellitus (7, 8, 40) . These diseases may limit physical activity, as suggested by reports showing that chronic illness is related to limited physical functioning and disability (41) . Chronic Am J Epidemiol Vol. 145, No. 8, 1997 disease might thus mediate the relation between fat distribution and physical activity. However, when the number of chronic illnesses was used as an additional covariate, the conclusions of the study did not change. Nor were the conclusions different within the group of healthy respondents, indicating that the observed cross-sectional relation between physical activity and fat distribution is independent of health status. Analysis stratified by smoking status also showed that the observed relation between physical activity and fat distribution was not mediated by smoking.
In this study, it was assumed that WHR and waist circumference are accurate indicators of abdominal fat in older men and women. Several studies have shown that WHR is strongly correlated with abdominal fat as determined by computer tomography or magnetic resonance imaging in young and middle-aged persons (34, 42) . However, little is known about the validity of WHR as a measure of visceral fat in older people. The relation between anthropometric measures and intraabdominal fat may decrease with increasing age (42, 43) . Nevertheless, the correlation between WHR or waist circumference and intraabdominal fat was reported to be highly significant in men and women aged 65 years or more (43) . Difficulties in measuring the waist and hip circumference of older people due to many skinfolds at the waist or hip (in this study reported for 25 respondents) or to problems in finding the exact locations (reported for 40 respondents) may cause the WHR to be a somewhat less-accurate indicator of abdominal fat compared with younger populations. However, excluding respondents with reported measurement difficulties from the analyses did not change the findings.
The intensity scores for physical activity used in this study are based on data from young subjects. A higher energy expenditure in elderly women compared with young or middle-aged women during standardized activities has been reported (44) . Other studies, however, have reported no absolute differences in energy expenditure during physical activities between young and older subjects (45) (46) (47) . Since the findings of these studies are contradictory and since no activity intensity scores for elderly men and women are available, the intensity scores of young subjects were applied to the older subjects. This might introduce misclassification and, therefore, less than optimal results.
The differences in WHR and waist circumference between active and inactive respondents as observed in this study, although statistically significant, were small, suggesting a limited influence of physical activity on body fat distribution. Many studies have shown the important role of physical activity in physical and mental well-being at older age. Active older subjects, for example, have a lower total mortality and a lower mortality due to cardiovascular and respiratory causes (1-4), a better serf-efficacy (48), lower depressive symptomatology (49) , and better muscle strength and gait velocity (50) than do inactive subjects. The beneficial effect of physical activity on body fat distribution is an additional reason to stimulate physical activity in older men and women.
In summary, the results of this cross-sectional study suggest that physical activity is negatively associated with abdominal fat in older men and women. Since the associations were most clear for sports activities, the favorable effect of physical activity seems to exist for intensive activities. Thus, when studying the relation between vigorous physical activity and health status in older people, attention should be paid to the possible mediating role of body fat distribution.
